
.. . . " " 

RESEARCH MEMORANDUM 

AN INVESTIGATION AT MACH N W E R S  OF 1.41 AND 2.01 OF THE 

AERODYNAMIC CHARACTE-l3JXt'ICS OF A SWEPT-WING 

SUPERSONIC BOMBER CCINFIGURATION 

By Norman F. Smith and Lowell E. Hasel 

Langley Aeronautical Laboratory 
Langley Field, Va. 

CLASSIFICATION CHANGED u -  . .  . 

WASHINGTON 
4 February 1,1956 



D 

AX INVESTIGATION AT WCH NUMBERS OF 1.41 AND 2.01 OF !ITYE 

AERODYNAMIC CHWCTERISTICS OF A ST4WT-WING 

SWEFlSONIC BOM8ZR CONFIGUIWTION 

By Norman F. Smith w-d Lowell E. Hasel 

An investigation  of  the  aerodynamic  characteristics  of a swept-wing 
supersonic  bopher  configuration has been conducted in the  Langley 4- by 
4-foot  supersonic  pressure  tunnel.  The  tests  were  perforned at Mach 

wing  nean aerodynamic chord. - 
b Ilurnbers of 1.41 and 2.01 at a Reynolds  nunber of 2.6 x 10 based on the 6 

T The  model  incorporated a tapered  wing  heving an aspect  ratio of 3.5, 
a taper  ratio of 0.2, a thichess ratio of 5.5 percent  (streamwise an6 
47O sweep or" the quarter-chord  line. 

The  longitudinal and lateral  force  characteristics  of  the  model  and 
various  conibinations of its  components,  including  several  jet  nacelle 
installations,  were  investigated.  The  efzects of a modified wing, two 
horizontal  tail  positions,  and a shortened  f'uselage  were  also  studied. 
The  results  obtained from these  investigations  are  presented  in  this 
report. 

The  aerodynamic  investigation  of  this  model  disclosed no unusual 
stability  cb2racteristics o r  %ch  nurllber  effects. The choice  of  nacelle 
installations  appears  to be a major decision, one greatly  efl"ecting  the 
perforname of  the  airplane.  At a h c h  nmber of 1.41 m d  lift  coeffi- 
cient  of 0.1, the  buried  nacelles  increased  the  drag of the  basic  model 
by 9 percent,  while  the  best  pod  nacelles  increased  the  drag  of  the 
basic  model by 27 percent. 

INTRODUCTION 

* 
-An investigation  of a svept-wing  supersonic  boniber  configuration 

bas been  made  in  the T-lengley 8-foot transonic tmnel (ref. 1 ) and  the 
Y 
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Langley ;+- by  4-foot  su;?ersonic  pressure  tunnel. This report  presents 
the  results of the  iovestigation  in  the  latter  tunnel  at  &ch  numbers 
of 1.41 and 2.01, and a Reynolds  number of 2.5 x IO6 based on wing  mesn 
aerodynamic  chord.  Longttudinal  and lateral force  characteristics of 
the  complete  aircraft  configuration  and of various  combinations of its 
comgonents,  including  several  jet  nacelle  installations,  are  shown. The 
effects of a modified  wing, a shmtened sfuselage  and  two  horizontal- 
tail  5eights  were also studied.  Sone  comparisons of the deta with  sinple 
theories  are  presented. 

F 

COEFFICIENTS AND SYM3OLs 

The  resul-bs of the  investigation  are  presented in terns  of  standard 
NACA coefficients  and  are  referenced to the  stability  axes  (fig. 1). 

"ne coefficients  and symbols are defined es follows: 

lift  coefficient, -, where  Lift = -Z Lift 
qs 

drag  coefficient, -, where  Drag = -X Drag 
qs 

pitching-monent  coefficient, M'/qSE 

lateral-force  coefficient, Y/qS 

force  along  X-axis, lb 

force  along  Y-axis, lb 

force  along  Z-axis,  lb 

moment  about Y-axis, lb-ft 

moment  about Z-ais, lb-ft 

rolling mment .=bout  X-axis,  lb-ft 

free-stream  dynanic  pressure, To/sq ft 
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M Vach n u d e r  

8 S wing plan-fo-m area,  1.367 sq ft 

b wing span, 2.188 r"t 

C wing-section  chod, f t  

c' wing nean  aerodynamic  chord, 0.718 f t  

a angle of a t tack of rxselage  center  line, deg 

it irxidence  angle ol' s t eb i l i ze r  chord l i ne  with respec t   to  
fuselage  center  line, deg (posi t ive  with  t ra i l ing edge 
d o n  

6e deflection  angle or" elevator chord l ine  with  respect t o  
s tab i l izer  chord l ine,  deg 

6, deflection  angle of rudder,  deg 

mgle  of yaw, deg 

L/D l i f t -d rag   r a t io  

CLtrirn l i f t  coefficient a t  trFz (Cm = 0 1 

APPAR4TUS AND MODELS 

!!?he Langley 4- by 4-foot supersonic  pressure tilnnel is  a rectangu- 
121, closed-throat,  single-return wind tunnel desip-ed  for a Yach n u d e r  
rmge or" 1.2 t o  2.2. The tunnel is powered by a k~,OOO-horsepower elec- 
t r i c   d r ive  and bas e stagnztion  pressure  range of from about 1/4 atmos- 
phere t o  ~~k10u-i 2 atmospheres. The test section is 5': inches wide an& 
approximtely 53 inches  high for  M = 1.4, zpproxi-rrately 61 inches high 
for  M = 2.0. h exterml  a i r -drying system supplies air or" a su f f i -  
ciently low moistwe  content  to  preclude  moisture  condensation  in  the 
tes t   sect ion.  

Models 

A two-view drawing  of the model is shown fn figure 2 and photo- 
grzshs =re shown i n  Figure 3. The geonetr ic   ckrecter is t ics   of  the 
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m d e l  are presented ir table  I. The model was sting-mounted from the  
rear. Forces were measured by rrxzans of an  internal six-component s t ra in-  
gage balance.  Static  pressures were measured a t  the base of the  model 
and i n  -the nacelle  ducts. A l l  strain-gage  wiring was carried  internally 
t'nrough the s t ing  and support strut to  outside  the  tunnel,  wMle  the 
pressure  tubes were run externally  along the s t i n g   t o  a menifold i n  the 
vicinity  of tine support-strut  leading edge. 

The model-support  system  provided f o r  changes in angle of a t tack 
o r  yaw i n  the horizontal  plane while maintaining the model approximately 
i n  the center of  the test section.  Figure, k ( a )  shows 8 configuration 
ins ta l led   in  the tunnel  for yaw tests, while figure 4(b) shows another 
configuration  oriented for  pi tch tests. 

The angle  of  attack or yaw of the model w a s  set to a liominal value 
by means of the  support system. The actual  angles were then measured 
during the t e s t s  by mans of an  optical  system which re f lec ted   l igh t  
fron a smll mirror imbedded i n  the surface of the fuselage. 

The m d e l  was constructed w i t h  a nm%er  of joints   in   order  that the 
coqonents might be tested i n  various  corhinations. These Joints  are 
v i s ib l e   i n  figure 3. A l t h o u g h  the model construction was of very  high 
quality, some f i l l i n g  and f a i r ing  of jo in ts  was necessary. As w i l l  be 
shown later, the condition of the  fuselage and  fuselage-wing-juncture 
jo in ts  had no reasurable  effect  on the force data. An attempt was never- 
theless Fade during a l l  the tests t o  keep these Joints  i n  a faired con- 
d i t ion  w i t h  glazing compounds (fig.  k) .  

The fuselage  fineness ratio (with canopy nose) is 14-55. Several 
tests were a lso  made w i t h  the fuselage shortened 4 inches t o  8 fineness 
r a t i o  of 12.96 (fig. 2). Four f'uselage  nose shapes were tes ted for com- 
parative  purposes (fig. 5 ) .  The mebjority of the tests were mde  w i t h  
the canopy nose (fig. ?(a)). The aft  end of the fuselage is of a rb i t ra ry  
shape t o  accommodate a s t ing  of s i ze  adequate for the loads  involved. 

The wing i s  of aspec t   ra t io  3.5, t age r   r a t io  0.2, and has 47O sweep 
of the qwrter-chord line. The wing incorporated twist which varied  l in- 
early  across  the  span  to 2$O washout at the t ip .  The a i r fo i l   s ec t fon  is 

5.5 percent  thick (streamwise and has a rounded-leading-edge section. 
Ordinates are given i n  table 11. The wing incidence and dihedral for the  
majority  of the tests were bo and Oo, respectively. The wing and rnomting 
were so constructed as t o  permit ins ta l la t ion  of the wing with  angles of 
incidence of 2' and kO, and with  angles of dihedral of Oo and 5O.  The 
lower  inbocrd  section of th i s  wing is removable for ins ta l la t ion  of 
buried  nacelles which have an air in le t   in   the   l ead ing  edge of the wing 
root  (f ig.  k(b)). 

I 

? 

8 

J 
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c 
A mdified wing which was  designed t o  a l l ev ia t e   ce r t a in  low-speed 

problems was investigated. The or ig ina l  and modified wiogs are ident i -  

80- t o  100-percent  semispen  stations,  the  forward 15 percent of the orig- 
i n a l  w5ng was modified (f ig .  6 1 by adding the full c d e r  of an NACA 
230-series  section  to  the  original mean l ine .  (The or ig ihe l  nean l i n e  
and the 230 cader l i n e  were assuned t o  coincide a t  the  15-percent-chord 
s ta t ion.  ) From the 50- t o  80-percent  semispan s ta t ions,   the  amount of 
canker which was  added t o  the or ig ina l  mean l i n e  varied i n   a n  arbitrary 
manner. Section  ordinates  for  the origi-nal and modified wings are pre- 
sen ted   in  tables I1 and 111. 

Q c a l  over  the  inboard 50 percent of the w i n g  sedspan   s ta t ions .  From the 

The center of gravity (and monents 1 was assumed t o  be a t .  the  
35-percent-chord s t a t i o n  of the wing rean aeroQnmmic chord (fig. 2). 

The horizontal   s tabi l izer  is geometrically similar t o  the wing in 
plan forn-  and has a symmetrical  $-percent-thick  section  (table IV). 
Provisions were made for  mounting the   s t ab i l i ze r  at  various  angles of 
incidence i n  two posit ions  (fig.  2): on the sides of the fuselage at 
the   center   l ine and on the sldes of  the v e r t i c a l  tail. In these two 

feren t  t o t a l  areas when the areas "blanketed" by the fuselage  or verti- 
cal ta i l  are considered  (table I 1. An elevator is included as a part of 
the  horizontal tail. Elevator  derlections were obtained by ins"h1ling 
elevator  sections which had been machined to the desired deflection. 
The elevator area is approximately 15 percent of the complete  exposed 
s t a b i l i z e r  area, and the elevator  chord is 21 percent of the s t a b i l i z e r  
chord. 

1. posi t ions  the  horizontal   s tabi l izer  has the  same exposed area bu t  dif- 

w 

The v e r t i c a l  tail is of the s m  t ape r   r a t io  and thickness   ra t io  as 
the horizontal   s tabi l izer ,  but has an aspec t   ra t io  of 1.5 (f ig .  2). The 
rudder  angle was  cbnged by 8 Kethod similar t o  that for   the  e levator .  
The rudder area is approximately 14  percent of the t o t a l  area. Ordinates 
for  the  horizontal  and v e r t i c a l  tails are presented  in table IV. 

The configmation  having the original  Fuselage,  original wing, ver- 
t i c a l  tail,  end horizontal  ta i l  w i t h  incidence  angle of - 3 O  W i l l  be iden- 
t i f ied throughout  the  report as the  'basic model." 

Three types of nacelles were  added to   t he  basic model. The buried- 
nzce l le   ins ta l la t lon  which employs a wing-root i n l e t  is shown i n   f i g -  
ures 7 and 4(b). The duct   behhd the s ingle  inlet in each  wing i s  divided 
i'flto two passages,  each  leading t o  a c i rcu lar  exit aft  of the wing t r a i l i n g  
edge.  Venturi  sections w i t h  s ta t ic-pressure  or i f ices  were provided i n  the 
two port--nacelle exi ts   for   determinat ion of interml-flow  conditions.  

% 

The cone nacelle i s  of the pod type, mounted on sweptforward struts 
(figs.  8 and 3). Eech nacelle  contains two separate inlets and ducts. 

I 



6 NACA RM L52517 

The outboard  duct of the port  nacelle was provided w i t h  a venturi and 
static-pressure  orifices  for  determination of internal-flaw  conditions. 
The cone-nacelle was tested on the wirg i n  two spanwise positions: 
0.50 semispan and 0.60 sexispn .  

The  wedge nacelle is a twin-duct pod nacelle designed. around a corn- 
rnon ver t ica l  wedge a t  the   in le t   ( f igs .  8 am3 k(a ) ). In te rna l   s ta t ic -  
pressure or i f ices  were provided a s   i n  the other pod nacelle. The wedge 
nacelles were tes ted a t  M = 1.41 only and were located a t  the 0.50- 
and  0.60-wing-sexispan positions. 

The models, support  sting,  balance, and associated. indicating  equip- 
ment were supplied by an   a i rc raf t  rt.la~uf'=cturer. 

TESS 

Conditions 

The geminal tunr-el  conditions for these tests are  given  in  the 
follo-wing table: 

M = 1.41 M = 2.01 

Stagnation  pressure,  lb/sq  in. abs . . . . . . . .  11.5 14.7 
Stagnation  tengerature, OF . . . . . . . . . . . .  110  110 
Stagnation dewpoint, OF . . . . . . . . . . . . .  <-30 < -30 
Dyllerric pressure, lb/sq ft . . . . . . . . . . . .  720 740 
Reyllolds nunher (5ased on wing M.A.C. . . . . . .  2.6 X lo6 2.6 X lo6 

The nox iml  test angles f o r  model and model control  surfaces  are as 
f o l l m m  : 

Corrections  and Accuracy 

The angles of  attack and angles of sideslip were measured by an 
opt ical  system which reflected l i g h t  f ron  a smll xirror imbedded i n  
the  surfece of  the  fuselage. The accuracy of this systex is estimted 
t o  be A-0.1' a t  low angles and fO. 15O at  high angles. 
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The strain-gage  balance w a s  temperature-compensated. Conpollerrt 
3 interactions were de"t-ermined in   ca l ibra t ion  and a l l  data are corrected 

for interactions.  

The e s t u t e a  e r r o r s   i n  the force data are as follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 
CpJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002 

cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t0.001 
cy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0006 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.OOO1 

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0-001 

The base 'Dressrue was measured as& the  drag data were corrected  to  corre- 
spond t o  a base pressure  equel  to free-stream static pressure. 

No corrections for interference forces caused  by the s t ing  support 
have been  applied  to Vie data. 

c A s  an  overall  check on the  accuracy  and  repeatability of the  data, 
a nunfber of repeat runs were made on ideotical  configurations a t  verious 

figure 9. 
t t h e s  during the %est  program. Data from repeat runs are p lo t t ed   i n  

Calibratioc data f o r  the M = 1.4 nozzle which were obtained a t  a 
stagnetion  pressure of 4 lb/sq  in.  abs are presented  in  reference 2. A 
p a r t i a l  survey of t h i s  nozzle (data unpublished) has also been rade et a 
stagmtion  pressure of 15 lb/sg  in.  abs. From these  data 'an estimete of 
the k c h  mxiber  and flow-angle var ia t ion a t  a stagnation  pressure of 
11.5 lb/sq in. abs has been =&e. Unpubliskd results for   the  M = 2.01 
nozzle show t h a t  the mgnitude of the  variations of  Mach nmber,  flow 
angle, and s ta t ic   p ressure   in   the   v ic in i ty  OP the m d e l  are small, and 
no corrections  for these variations krzve been  applied t o  the data. The 
va r i a t ions   a r e   smar i zed   i n   t he  CoUowing tsble: 

M = 1.41 W = 2.01 

EFach nmiber . . . . . . . . . . . . . . . . . . . .  20.01 f 0.01 
Flow angle in horizontal plaae, deg . . . . . . . .  fO. 2 fO. 1 
Flow angle i n  vertical   plene,  deg . . . . . . . . .  20.2 fO. 1 

The order   in  which the wind-tunnel tests were performed is given by 
* the run nunhers tebulated in   t he  ruo log (tables V and V I  ). This  order 
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wzs set up to  expedite  the program i n  accordance w i t h  the pecul ia r i t i es  
of  the  tunnel and model. Also, an at tenpt  was made t o  group, insofar as 
possible, runs t o  be compared or  analyzed  as a graup. 

In order  to  determine  the  sensitivity or" the   force  resul ts   to   the 
surface  condition of the  fuselage,  runs were made w i t ' ?  the  fuselage and 
fuselage-ving-juncture  joints  (fig. 3)  fa i red a d  unfaired. No differ- 
ences in  the  force measurenents were obtained i n  these two tes t s .  

Similarly, tests were rrade t o  detemilze the  effect  or" sealing  the 
srr~ll gap which existed a t  the juncture of the  horizontal and ve r t i ca l  
tails. No s igni f icant   e f fec t  upon the longi tudinal   s tabi l i ty  was  meas- 
ured. In  both  of  the  foregoing  cases,  the data are presented  in the 
tabulated results but have not  been  plotted. 

Beccuse it was considered  possible f o r  the pressure tubes which were 
required  for  duct  pressure measurement, to  introduce  extraneous  forces 
into  the  results,   several  check runs were made with tubes  connected and 
discoFr,ected. These du2l icate   sets  of  force  data  (given  in  tables VI1 
and V I I I )  showed that  the  sressure  tubes had no s ignif icant   effect  upon 
the  balance  readicgs. No distinctioE is  .therefore made in  the  f igures J 

between force date. obtained w i t h  end without  the  pressure tmes connected. 

I 
PRESENTATION AND DISCUSSION OF RESULTS 

The dzta which were obtained from t h i s  series or' tests are  tabu- 
la ted   in  tables V I 1  t o  X. Most of these data are  presented m-d d i s -  
cussed ia the following  sectioos of the report  except for a f e w  runs 
xzde t o  check research  techniques and repeatability  of data. The run 
cumbers are  presented on tile data figures to correlate  these  deta  with 
the tabulated dzta. The -run logs (tables V aEd VI) identify  the model 
configuration f o r  each run nmiber. 

Longitudinal  Force and Mcment Characteristics 

Model breakdown.- The variations w i t h  angle of a t tack of t h e   l i f t ,  
drag, and pitching-moment character is t ics  05 the  various combinations 
of Eodel corrporents, excluding  nacelles,  are  preser,ted  in figure 10. 
The  minixxm drags of the  basic node1 are  zsproximtely  the s m e  a t  30th 
Mach n u b e r s  and have a value of about C.028. Throughout the  repart, 
the  configuration  having the original  wicg, original  fuselage,   vertical  
tsii, and hJr izonta l   t a i l  wLth incidence  angle of - 3 O  w i l l  be ident i f ied 
as the  Sasic  xodel. Also, unless otherwise  stated, wing incidence is  bo P 

and wing dihedral OD. The increase  in  drag w i t h  angle of attack (fig.  10 ) 
is greater a+! 14 = I. 41 thm a t  M = 2.01, as would be expected,  since 

I - 
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t h e  deta show that the increase is  prfrnarily due t o  induced drag  of t'ne 
- wing, and the wing has e higher  lift-curve  slope a t  a Yach nuTdDer of 1.41. 

k.' 

The fuselage  alone is unstable  (fig. lo). Addition of e i the r  the 
wing or the horizontal t a i l  to  the  fuselage produces a stable configura- 
t ion.  The low-tail  configuration is s l igh t ly  more stable than  the  high- 
tail configuration.  Several  factors  can  contribute t o  this  condition, 
n m l y ,  the f a c t  tllet the srea of the low ta i l  (including tht blapiketed 
by the fuselage or' ver t i ca l  t a i l )  is about 24 percent  greater  than the. 
area of the  high tail, and the  probabili ty tht the high ta i l  i s  io a 
region of greater downvash a t  both Mach nutibers. At both Mach numbers 
the  slopes  of  the pitching-moment curves of the complete-model configma- 
tions  decrease a t  the higher  angles of  attack. 

The v a h e s  of Cma end C h  (Eeasured a t  the t r i m  angles  of  attack 
for  the bas ic   mdels )  for the various model corSigurations are presented 
i n  t'ne following table: 

Configuration 

Fuselage . . . . . . . . . . . . . . .  
Fuselage, ve r t i ca l  tail,  and low 

horizontal tai l  . . . . . . . . . .  
Fuselage, ve r t i ca l  tail,  and high 

horizontal t a i l  . . . . . . . . . . .  
Fuselage and wing . . . . . . . . . .  
Basic model wi th  low horizontal 

t a i l .  . . . . . . . . . . . . . . .  
Basic model with high  horizontal 

tsil . . . . . . . . . . . . . . . .  

T M = 1.41 1 M = 2.01 

Cm ch 

0.0035 

.0061 - .mg7 

- 0075 - .012 
0.0008 

-. 0092 .060 

- -020 .062 

-. 019 .061 

0.0036 

- -0068 
- -0045 
- -0043 

- * 012 

- .011 

0.0014 

- 0057 

.0046 

. ok3 

.Ob0 

.042 

By using  linear-Kteory  nethods  (refs. 3 and 4 )  , tlre theore t ica l  l i f t -  
curve  slopes of  the  isolated wing have  been computed to be 0.064 and 0.043 
a t  M = 1.41 end M = 2.01, respectively. The corresponding  experinental 
slope  increments due t o  the addition ol" the wing to  the  fuselage  are 0.059 
and 0.039 and are about 91 percent  of  the  tleoretical  vzlues  for  the  iso- 
lated wing. 

Effectiveness of horizontal   s tabi l izer  and elevator.- The longitu- 
dinal s tab i l i ty   charac te r i s t ics  of  the basic model with  various  incidences 

respectively.  Figure 13 shovs  corresponding date. f o r  the basic nodel  with 
verious  elevator  deflections on the high  stabil izer.  From these three 

4 of the  high and low horizontal   s tabi l izer  are shown i n  figures 11 and 12, 

\ - 
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figures, f igure 14 h ~ s  been  prepared t o  show the  effectiveness of the 
s t ab i l i ze r  and elevator   in  cbanging trix lift coefficient.  The high 
s t ab i l i ze r  is skowr- t o  be s l i gh t ly  more effective  than  the l o w  stabilizer 7 
i n  cl.Ang:ng t r i m  lift coeff ic ient  a t  the  higher  incidence  angles  beceuse, 
as kzs been shown previously,   the  configuration  with  high  stebil izer i s  
Less stable. The  zwo posit ions  hve  e,pproxirately  the  sane  effectiveness 
near  zero  incidence.  In  both  the low and high  posit ions  the  stabil izer 
loses  about 30 percent  of i ts  effectiveness when the Vach n u ~ b e r  i s  
increased from 1.41 t o  2.01. This loss in  efzectiveness is proportional 
to   tne  decrease of  stabil izer  l if t-curve  slope with increasing !Mach number. 

8 

The effectiveness  of  the  elevator i s  approximately 16 percent  of  the 
s tab i i izer  effectiveness, which corresponds  closely  to  the  rst io of  ele- 
vator area t o  t o t a l   s t a b i l i z e r  area. 

Lift-drag  ratios.- The l i f t -drag   ra t ios  of the basic-model  config- 
mat ions  are presected  in figme 15. A t  a Mach  number of 1.41, the  high- 
end low-tail  configurations have maximum l i f t -d rag   r a t io s  (trimdl of 
about 5.35 and 5.55, respectively. A t  the  higher Yach number, the  corre- 
sponding values are 4.25 and 4.35. Lif t -drag  ra t ios  Tor the untrjmmed 
coneition are also  presented  for  coxparison. 

Wipg ir,cidence.- A coxparison  of the results obtained  fron tests of  
configurations bxving 2" and 4' of wing incidence is lade in   f igure  16. 
At both Mack nurhers, the e f fec ts  on s t a b i l i t y  of changing the wing i r c i -  
derce on the basic  model are srrzll. Decreasing  the wing incidence  reduced 
t3e s'uability a t  t r i m  conditions  by  about 5 percent a t  a bkch number of 
l.bL, but had no effect a t  a Mach  number o f  2.01. The l if t-curve  slopes 
a', both Mach Embers were independent  of the incidence  angle. 

Kodified wir_g.- A comparison of the  results obtained from tests of 
the   o r ig ina l  acd the  nodifled  (drooped  leading  edge) wing are presented 
i n  figure 17. A t  t r i m  the  modified wing increased  the  dreg  coefficient 
of the basic model by 10 percent or less a t  both Mach nmbers. The use 
of t h e  modified wing a t  e M~ch nuTber of 1.41 resulted i n  a negligible 
illcrease i n  s t a b i l i t y  a t  l i f t  coeff ic ients  less than 0.35. At the higher 
Mach Ember, ns chzrige Fr, s t z b r l i t y  resulted f r o m  using  the  modified wing. 
The l i f t -curve slo-pes  of the  basic model with  the two wings were the same. 

Nacelles.- The efr'ects or' adding  the buried and pod nace l les   to   the  
basic  model wlth  the  original wing are shown i n  figures 18 md 19, reqec-  
t ively.  Tne e f fec ts  of  adding  the pod nzce l les   to   the  basic mdel   wi th  
tke   md i f i ed  wicg are shown in   f igure  20. For a l l  nacelle data presented 
i n  3hese flgares, the  drag  values   inclde t'ne internal  drag of the 
cacelles.  Internal  drag  neasurements were mzde only OE several: t m i c a l  
buried and pod Racelle  configurations. Tkese h t a ,  the  corresponding 
mass-flow data, and t:?e methods of computation are presented i n  the 
apperdix. 
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* 
The buried  nacelles have a negligible  effect  on the  Eodel s h b i l i t y  

-3 
a t  both  Mxh numbers ( f ig .  16). Near the t r i m  point, the Dod nacelles 
(fig.  19) have e i the r  e negligible or small destabi l iz ing  effect  et a 
Yach nu-ber of 1.41. A s  the l i f t  coefficient is increased, however, 
these  nacelles  cause  an  appreciable  decrease  in the slope of t i e   p i tch ing-  
moxent curve. A t  a Yach  number of 2.01, the pod nacelles  decrease  the 
s t e b i l i t y  of the Sesic nodel by a smll anount. Both types of  nacelles 
Droduce a s l ight   increase  in  the  lift-curve  slope. It should be men- 
tioced that the  buried-nacelle  configuretion 3as an  additional exposed 
viEg zree which i-s about 8 percent of the  basic wing &rea. 

The e f fec ts  or' adding  the wedge-pod nacelles  to  the  basic  nodel  with 
the  nodified wing (fig.  20) are slmilar t o  the  effects  oi' the wedge-pod 
necelles on the  basic  model with the originel  wicg. 

External drag increxents due t o  the eddition of typical  nacelle 
conrigurations  to  the Sasi-c model are shown i n  figure 21. These incre- 
ments were obtained by subtracting  the  drag of the madel with  nacelles 
off and the  measured internal  drag Srom the data for the model w i t h  
r-acelles on (see appendix >. The data  presented in figure 21 therefore 

the strct drag. It w i l l  be  noted that although  the  horizontal tail is 
in  different   posi t ions f o r  the various  nacelle tests (fig.  211, the  drag 
Increments  presented are   not   affected by ta i l  position. At both Mach 
numbers, the  buried  nacelles have xuch lower drag  than do the pod nacelles. 
The maxi~un increments  of  external  drag  for a l l   nace l les   occur  Eeer zero 
l i f t  and a re  a'oout 0.0025 for the buried nacelles  as compared w i t h  0.011 
and 0.008 lor the cone-pod and wedge-pod nacelles,  respectively. A t  l i f t  
coefficients above about 0.25 st a Mach nurher of 2.01, the external  drag 
increxent for the buried necelles  becoms  negative. CToviously the   choke  
of' nzcel le   instal la t ion is  innortent, as it greet ly   affects   the perform- 
ence of the  airplane.  A t  low l i f t  coeff ic ients  (CL = 0.1) a t  M = 1.41 
the  extercal  drag  increaent  of  the sribmerged nacelles  *creases  the &reg 
of the basic model by 9 percent,  while t h e  best pod nacelles  increase 
the  dreg of the  bzsic model by  about 27 percent. 

L include  mutual  interference  effects and f o r  the pod nacelles also include 

t 

The l i f t -drag   ra t ios  (based on external drag) of the urntrimred basic 
model with and wLt2coa-t typical  nacelle  configuratFons are presented  in 
f igJ re  22. Tie  buried  nacelles have e i the r  a negligible or a sniall 
adverse  effect on the l i f t -d rag   r a t io  of ike basic  model (high  horfzon- 
ta l  t a i l )  a t  both Yach  numbers. The pod nacelles  decrezse  considerably, 
a t  both Mach nur5ers, the l i f t -drag   ra t ios  of' the  basic  nodel (low hori- 
zoctel te i l )  a t  l i f t  coefricients below about 0.4. For example, a t  
M = 1.41, the  buried  nacelles  decreased the mnaxirr?Un unt r imed L/D for  
the  basic model (with high  horizontal   stzbil izer) by 2 3ercent while the 

zonta l   s tzb i l izer )  by 11 percent.  Since  the  general  shapes of tlne l i f t -  
drag  curves of t'ne trimed arid untrirmed  besic model ( f ig .  15) a re  simf- 
lar, it is thought that the e f f ec t s  of  nacelles on the l i f t -d rag   r a t io  

- bes t  pod nacelles  decreased  the L/D of the  basic model ( w i t h  low hori-  

I 
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of the Ur-trimed model (fig.  22 ) are indicative of the  effects  of 
nscelles on the   l i f t -drag   ra t io  of the trimmed mdel .  

Short  fuselage.- The effect of shortening the fuselage  length 
between the wing and "tail by 4 inches, or neerly 10 percent  (see  fig.  2 1, 
is s:?own i n  figure 23 (M = 1.41 only). The character is t ics  of t'nis 
moc?el are   essent ia l ly   the same as those ol' the long-fuselage model. The 
shortened t a i l  decreased  the  stability of the complete model by  about 
5 percent. T'nis i s  only 25 percent of the stabil i ty  decrease which would 
be predicted from the change in   l ength  of the two tail monent a m  (cen- 
ter or' pressure of  stabilizer w a s  computed by means of l inear  theory).  
It appears that shortening  the  distance between the wing and t a i l  has 
resul ted  in  an increase i n  the effectiveness of the  horizontal t a i l  i n  
producing  pitching moment, probably as a re su l t  of decreased domwesh. 

Fuselage  nose  shapes.- The efPects of four fuselage nose  shapes 
(f ig .  51 are shown in figure 24. The l i f t  and moment character is t ics  
of  the f o l x  configurations were essentially  the same at  each Mach nun- 
ber. At b o t h  Mach numbers, the m d e l  w i t h  the cusp  nose had the highest 
ninimw  drag of 0.029; the ogive-nose configurations had the  lowest mini- 
mum drags of' 0.027. 

Lateral Force and Moment Characteristics 

Model breakdown.- The lateral s tab i l i ty   charac te r i s t ics  of various 
con-blnations  of fuselage, wing, and t a i l  are  shown i n  figure 25. 

The configurations which do not  include  the  vertical t a i l  are direc- 
t iona l ly  unstable. The ver t ica l  t a i l  produces a high  degree of direc- 
t i ona l   s t ab i l i t y .  Addition of the wing to the fuselage has a small 
ef fec t ,  changing the  slope of the curve in a stable direction. When 
added t o  the  fuselage w i t h  tails, however, the wing introduces  unfavora- 
b l e  sidewash  and  changes the slope  of  the  curve  slightly  in  the direc- 
t ion  of decreased s t ab i l i t y .  

The following table compares the measured values  of Cn,,, due t o  

adding  the  vertical t a i l  to  the  fuselage and to  the fuselage plus wing 
w i t h  the 7mlues of Cnq calculated f o r  the v e r t i c a l   t a i l  by mans of 

linear  theory  (refs. 3 end 4 1: 



s 

E n q  due t o   v e r t i c a l  t a i l  

M = 1.41 M = 2.01 
3 Conriguration 

Wing on . . . . . . . . .  
-. 0026 - -0037 Linear  theory . . . . . .  - -0031 - -0043 Wing off . . . . . . . .  -0.0027 -0.0041 

The calculation assumed a l i f t i ng   su r f ace  whose semispen plan form w a s  
identical   with that of the   ver t ica l  tai l .  This  assunption  effectively 
introduces a reflection  plane a t  the  root of t he   ve r t i ca l  tail,  a condi- 
t ion  not  exactly fulfilled by the  fuselage. The table shows that the  
magnitude of this incremental   stabil i ty  derivative can be approximately 
calculated  by  the  l inear  theory  in this case. The mgnitude is s l igh t ly  
underestimated, as is the change with Mach  nunfber. 

The rolling-moment c h r a c t e r i s t i c s   ( f i g .  25) show tht the  configu- 
rations  without  the  vertical t a i l  have approximately  zero  efzective 

figuration i s  produced largely by the ver t i ca l  tail. The posit ion of 
the  horizontal tail is  shown t o  have (at M = 1.41) an  important  effect 
upon the ro l l i ng  moment produced  by the ver t i ca l  tail. The slope of the 
rolling-noment  curve f o r  the basic model is  decreased  by  about  one-half 
when the  horizontal t a i l  is Koved from the  high to the low position. 
Examination  of the yewing-morent and side-force  curves shows that   only 
a small increase  in  vertical-tail   load  occurred; hence, the change i n  
ro l l ing  morcent i s  due pr inc ipa l ly   to  e v e r t i c a l   s h i f t   i n  lateral center 
of pressure of t h e   t a i l  group. Insufficient  configurations were tested 
to  explain  the  nature of this   interference effect. 

- dihedral. The posit ive effective dfhe&al  neasured  for  the  basic con- 

* 

The wing displaces  the rolling-moment  curves  appreciably but has a 
negl igible   effect  upon the  slopes a t  M = 1.41. A t  M = 2.01, the wing 
contributes a significant  mount of positive  effective  dihedral.  This 
result is  i n  accord  with  the results of some theoretical   investigations,  
such as reference 5, which ind ics tes   tha t  CQ f o r  swept  wings with 
supersonic  leading  edges  can change i n   t h i s  =mer as the Mach rider is 
increased. 

The f s c t  that many of t'k yawing-nament and lateral-force  curves do 
not  pass  through  the  zero  point  of  the axes is  due t o  a s l igh t  asymmetry 
of  the model.  The displscenent  of  the rolling-moment  curves is, hoxever, 
too  large  to  be exglained  by asymmetry. Because balance  zeros  taken 
before m-d after each test were in  agreenent and  because  acceptable 
repeat  points w e r e  regularly  obtained (see tabuhted data) the  slopes  of 
the  curves  obtained are believed t o  be reliable. The resson  for  the dis- 

a c t e r i s t i c  of the balance. 

\ 

8 placenent  of  the  curves is unknown, but  appears  to be sone unknown chm- 
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Rudder effectiveness.-  Figure 26 shaws the  lateral s tebi l i ty   char-  
a c t e r i s t i c s  of the m d e l  w i t h  three  rudder  deflections. The ro l l i ng  
moment a t  t r i m  conditions is essent ia l ly   constant   for  the tl-ree rudder 
deflections.  Thus the  rudder  deflection  essentially  cancels  the  effec- 
t ive  dihedral  of  the airplane which, as bas been  pointed out previously, 
is due almost en t i r e ly  to the   ver t ica l  t a i l .  Tie rudder has r e l a t ive ly  
lox effectiveness  in  Producing ya-w. The derivative d$/dEr i s  epproxi- 
mately -0.1 a t  both Mach n-&em. 

Sling dihedral.- A comparison  of the laterel s tab i l i ty   chzrac te r i s -  
t i c s  w i t h  0" and 5O of' wing dihedral i s  sho-m i n   f i gu re  27. The contr i -  
bution of the Oo dihedral  ving to C Z ~  is smll a t  both Mach numbers 
( f ig .  25 ). The increxent due to the 5O dikedrel wing i s  large a t  both 
Mach mders .  

The following table compares the  incremertal  values  of C 2$ c orrrputed 
for  an  iscrease  in wing dihedral of by the method of reference 6 with 
the measured dii'ference  in rolling moments Setween the Oo and 5' dihedral 
wings : 

# 

2$ 

Configuration M 
Wasured Comp-rted, re f .  6 

Basic model 

. OC08 .0007 2.01 T a i l  off  

. 0009 . 0009 1.41 T a i l  off  

. m08 .0005 2.01 Basic model 
0.ooog 0.0008 1.41 

I n  general,  the agreement  between %he meesured  and calculated  values is 
good. 

4s would be  emected,  increasing  the  dihedral to 5' decreased 
s l i g h t l y  the d i r ec t iona l   s t ab i l i t y  of the  basic model but had v i r tua l ly  
no e f f ec t  xpon the la teral-force  coeff ic ients .  

Wing incidence.- From f igure 28 it can be see= that the   e f fec ts  on 
the laterel s t ab i l i t y   cha rac t e r i s t i c s  of changing wing incidence f ron  4' 
t o  2O are smll, the p i n z i p a l  e"fec-5 being a decrease  in   the  effect ive 
dihedral. a t  M = 2.01. 

Nacelles.-  Figure 29 shows tht the largest   effect   of   the   nacel les  
on the l a t e r a l   s t a b i l i t y  is on the roiling-moment coefficient.  



% 

Tie high  positive  effective dihedral of the  m o d e l  without  nacelles 
is increased  sl ightly by the  addition  of the buried  nacelles. The ef fec t  

configuration  because  the lateral center  of area of the  nacel le-s t rut  
corrbination is well below the  center   l ine of the  fuselage  (fig.  8 1. The 
effect ive  dihedral   for   the model (fig.  29) with  the pod ~ z c e l l e s  a t  
0.60 semispan is less thm,   t ha t  f o r  the model with pod nacelles a t  
0.50 semispm  and is  actually  sl ightly  negative  for smll y a w  angles 
a t  M = 1.41 (horizontal teil in low position). Examination of the 
lift variation  with  angle  of yaw (not  presented) shows  no d i f fe rence   in  
l i f t  between these two configurations; heme, the interference which 
causes  the  difference  in  roll ing monent between the pod llacelles a t  0.50 
m"d 0.60 semispen is not  defined by the data obtained. 

- of a l l  pod Eacelles is t o  decrease the effect ive dihedral of the  basic 

The yawiog-noient variation is  l i t t l e  affected by t h e  nacelle 
instal la t ion.  The slope of the  lateral-force-coefficient curve ( f ig .  29) 
is higher for   the  model with pod nacel les   instal led as a consequence  of 
the  lateral   area  presented by the  rmcelle-strut combinetion. 

Conparison  of or iginal  and shortened  fuselage.- Two tests were made 
h at  M = 1.41 with  the  fuselage  shortened 4 inches from i ts  or ig ina l  

length oI" 41.32 inches.  Figure 30 shows a comparison of the lateral 
character is t ics  of the model witn  the  shorteced and long  (original)  
fuselage. 

T h %  changes i n   l a t e r a l   f o r c e  are small because  the chal?ge i n  lateral 
&rea is  sm~ll. 

The d i r ec t iona l   s t ab i l i t y  is lowered f o r  the short   fuselage  in the 
case of the tail-on  configuration  because of  the decreased nonent arm of 
t h e  ve r t i ca l  tail. Tne r a t i o  of the values of Cn$ f o r  the sbrt  end 
long  fuselage a t  t r i m  ( t a i l  on) i s  almost emctly equa l   t o   t he   r a t io  of 
tail lengths, that is, the  distances from center  of Eonents t o  the cal-  
culated  centers of pressure of the   ver t ica l  teil. 

The ro l l ing  morent i s  unaffected  by change i n  tai l  length  for  con- 
figurations  without the ve r t i ca l  tall. The effect ive dihedral of  the 
basic   configurat ions  with  or ighal  and shorteoed  fuselage 5s essent ia l ly  
the  saqe a t  high  positive and nemtive yaw mgles.  The shift i n   t h e  
rolling-moment curve which occurs a t  low angles i s  believed  to be due t o  
increased  sidewash  effects which occur when t h e   t a i l  is moved c loser   to  
the wing. 

CONCLUDING -REMURIGS . 
~ _ n _  investigation of the aerodynamic character is t ics  of a swept-wing 

L supersonic boniber configuration w a s  perforned  in the Lengley 4- by 4-foot 
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supersorlic  press-ze  tunnel a t  Ikch  nunhers  of 1.41 axd 2.01 a t  a Reynolds 
number of 2.6 x 106. The model incorporated a tapered wing having a thick- 
ness   ra t io  of 5.3 percent, 4 p  sweep of  the  quarter-chord  line, an aspect 2 
r a t i o  of 3.5, and a t a p e r   r a t i o  of 0.2. 

.I 

The investigation  disclosed no unusual   s tabi l i ty   character is t ics  or  
Mach  nurriber e f fec ts .  The verious  nacelle  installations were found t o  
d i f f e r   g rea t ly   i n   t he i r   e f f ec t  upon the   l i f t -d rag   r a t io  of  the  airplane; 
hence, t'ne choice of  engine-rAcelle  installation is of ~ 2 j o r  Lmportance. 
A t  a Mach n - d e r  of 1.41 and l i f t  coeff ic ient  of  0.1, the  buried  nacelles 
hcreased  the  dreg of the  basfc model by 3 percent,   while  the  best  pod 
nacelles  increased the drag of the  basic  model by 2'7 percent. 

The effectiveness  of  the  horizontal t a i l  i n  changing t r in  l i f t  coef- 
f i c i e n t  was about  the same Zor the  high and low positions, and the rela- 
t fve  effect iveness  of the  elevator was proport ional   to   the  ra t io  of ele- 
vator area to   s t ab i l i ze r   a r ea .  

The wing rradification w a s  found t o  have negl igible   effects  on l i T t  
and s t a b i l i t y  and increased  the  drag (at t r i m )  of the  'basic node1 by 
10 percent or l e s s  at both Mach nmibers. c 

The posit ive  ef3ective  dihedral  of the  basic  model was due en t i re ly  
t o  t h e   i x r e r e n t  produced  by the   ve r t i ca l  t a i l .  Th i s  increment was  found ? 
t o  be app?oxirrately  equal t o  that produced by chenging the wing dihedral 
from Oo t o  5". The rudder was of r e l a t ive ly  l o w  effect iveness   in  pro- 
ducing yaw. 

The shortened  fuselage  affected  the lateral s tehi l i ty   in   proport ion 
to   the  change i n  moment am of   the  ver t ical  t a i l .  The longitudinal sta- 
b i l i t y ,  however, was less  affected,  apparently  because  of  an accompanying 
increase  in   horizontal- ta i l   effect iveness  as e. r e s u l t  of decreesed down- 
wash 5.2 the field closer   to   the wing. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee f o r  Aeroxutics,  

Langley  Field, Va., October 22, 1952. 
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INTER-W DR4G PLZUD MASS-FLOV CHARACTERISTICS OF NACELUS 

Several  assumptions must be made before  the two s t a t i c   o r i f i c e s  
which were in s t a l l ed   i n  the necelle  ducts  can be used t o  compute the  
internal  drag and mass-flow coefficients of the  nacelles.  The stagna- 
tion  pressure sad temperature nust be assuqed to be &he s&m a t  the two 
s te t ions,  aad the flow across  the  duct must be assmid t o  be unil’orm. 
The l a t t e r  assumption ep-pears t o  be the more questionable,  particularly 
a t  angles of‘ attack. It should be remefiered, however, t h a t  the   errors  
which may be introduced  by the zbove assumptions w i l l  heve only e minor 
influence on the  extern21  drag of the basic model with  nacelles  because 
the absolilte magnitude of the in te rna l  drag is  small. 

“ne internal  drag, DI, is  defined as 

* where 

A duct area 

P stat ic   pressure 

V velocity 

m = pAV 

P density 

Smols  with  s&script  e refer t o  duct exit conditions and synhols 
without  subscripts refer to free-strean conditions. 

Using the assumptions  discussed above, the  following  equation  for 
the in terne l  drsg coefficient  of each nacelle  duct can  be  derived: 

N where 7 is the   r a t io  of specific  heats  (for air, 1.40). - 



Tie value of is a f’tmction of t k  stat ic-pressure  ra t io  and 
the area r a t i o  a t  the  two o r i f i ce  statims. It should be noted that 
t‘ne values  obtained from equetions (1) and (2)  are axial   forces .  The 
absolute  map-itude of these forces is smll enough, however, so t h a t  
the  cos a, correction which mst be applied to obtain true drag forces 
i s  Eegligible  and h s  therefore beer? neglected. 

The mzss-flov r a t i o  E+/= is  defined by 

Tne *-terra1 drag (based on wing a rea )  End mass-flow character is t ics  
of the nacelles ere preser,ted in  figures 31 and 32, respectively. The 
mass-flox r a t i o s  are based on the  duct   exi t  area s ince   th i s  area was the 
same f o r  a l l  nacel le   instal la t ions end therefore  provides a common basis 
f o r  comperison. KO data are presented  for  the  inboard  duct of the  buried 
nacelles a t  M = 1.41 because  umatlsfactory  measurerents of the in te r -  
nal  stetLc  pressure were mde. 

Tk-e internal drag of the individual  ducts (fig. 31) varied l i t t l e  
with 12ch nwrier or angle of attack. A t  2 Mach n h e r  of 2.01, the out- 
board end inboard  ducts of the burfed nacelles have tkre sane value of  
internal  drag. The value is  slightly  hig3er  than that of the cone-pod 
nacelle. A t  a Mach n&er of 1.41, t3e wedge-pod nacelle hzs the  lowest 
i n t e r m l  drag.  Assu.?ing  an  average  internal  drag  value of 0.0006 per 
duc t ,  t he   t o t a l   i n t e rna l  drag of a four-duct  installation is about 9 per- 
ten< of the  drag of the basic  model. It should be mentioned that these 
velues  are  not  necessarily optimum values for  a well-designed i n s t a l l s -  
t ion,   s ince no efzoort w a s  mde t o  control   the  shock pos i t ion   in   the  
diff‘xser. 

A t  50th Mach numbers, the  var ia t ion of the m s s  flow w i t h  angle of  
attack is less for the pod nacelles thzn for the buried nacelles (fig. 32). 
Over the entire  angle  range, the mss flow of the wedge-pod nacelle var ies  
less t h n  0.02 at a M E X ~  nuniber of 1.41. 

Tne cone-pod nacelle w a s  designed so that there would be no spi l lage 
st a Mach  number of 2.01. Therecore,  since the entrance area is equal   to  
t he   ex i t  area upon which the coeff ic ients  are besed, the mss-flow r a t i o  
should  Se 1.0 a t  Oo argle  of a t tack,  and f i w e  32 shows t h i s   t o  be true. 
Acccrding to   reference 7, the desigr- mss-f low  ra t io  of the  conical i n l e t  
should be &bout 0.77 a t  a Mach  number of 1.41. The lower value of 0.69 
obtained  experinentally m y  be caused by too much internal  contraction. 
A t  a Mach nmher af 1.41, t he  mass flow through  the buried nacelles i s  
greater Khan througk the cone-pod nacelle  and, a t  a &ch number of  2.01, 

II 

c 



I 
the mss flow through the cone-pod nacelle is greater. It is thought 
(on the  basis of the inlet   geoxetry) t h a t  the mass-flow r a t i o  through 

a Mach  number of 2.01. 
the wedge-pod nacelle would also :have been 1.0 Cf it had been t e s t e d   a t  
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TABLE I.- GEOMETRIC CHARACTERISTICS O F  MODEL 

z 

i 

wing : 
Area. sq f t  (includes  area  blanketed by fuselage) . . . . . .  1.367 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.188 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  3.5 
Sweepback of quarter-chord l i n e .  deg . . . . . . . . . . . .  47 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 
Mean aerodynamic  chord. ft . . . . . . . . . . . . . . . . .  0.718 
Airfoi l   sect ion  thickness   in  streanwise direction. percent 

(see  tables I1 and I11 for  ordinates) . . . . . . . . . . .  5.5 
Twist. deg ( l i nea r   vmia t ion  from r o o t   t o  

t i p )  . . . . . . . . . . . . . . . . . . . .  0 t o  2.5 washout at t i p  

Righ hor izonta l   t a i l :  
Area. sq f t  (includes  area  blanketed  by  vertical tai l)  . . .  0.154 

Sweepback of quarter-chord line. deg . . . . . . . . . . . .  47 

Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.733 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.5 

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 
Airfoi l   sect ion  thickness   in  streamwise directfon. percent 

(see  table  I V  for  ordinates) . . . . . . . . . . . . . . .  5.5 
Total  elevator area. sq f t  . . . . . . . . . . . . . . . . .  0.0226 

Low horizontal   ta i l :  
Area. sq f t  (incluiies mea blanketed by fuselage) . . . . . .  0.191 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.835 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.65 
Sweepback of quarter-chord  line. deg . . . . . . . . . . . .  47 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 
Airfoi l   sect ion  thickness   in  streamwise direction.  percent 

(see tab le  N for  ordinates) . . . . . . . . . . . . . . .  5.5 
Totel  elevator area. sq f t  . . . . . . . . . . . . . . . . .  0.0226 

Verticel tail: 
Pzea  (exposed). sq f t  . . . . . . . . . . . . . . . . . . . .  0.121 
Span (exposed). f t  . . . . . . . . . . . . . . . . . . . . .  0.425 
Aspect r a t i o  (based on exposed  span and mea) . . . . . . . .  1.5 
Sweepback of quarter-chord  lioe. deg . . . . . . . . . . . .  47 
Taper r a t i o  (based  on  exposed  span and area) . . . . . . . .  1.5 
Airfoi l   sect ion  thickness   in  streamwise  direction.  percent 

(see  table I V  for  ordioates) . . . . . . . . . . . . . . .  5-5 
Rudder area. sq f t  . . . . . . . . . . . . . . . . . . . . .  0.0166 
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TABLE I .- -G%OMYIRIC CHAR4CT3RISTICS OF MODEL - Concluded 

Fuselage : 
PiEeress r a t i o  ( o r f g i r a l  fuselege, canopy nose) . . . . . . .  14.35 
Finelless ratio  (shortened  fuselage, canopy nose) . . . . . .  12.96 
Frontal aree, sq ft . . . . . . . . . . . . . . . . . . . . .  0.0432 

Miscellaneoa : 
Tail length from 0.35 wing M.A.C. t o  0.35 -Lei1 M.A.C. 

Tail legg+,h from 0.35 wing M.A.C. to 0.35 t a i l  M.A.C. 
(or ig ina l  frrselege), f t  . . . . . . . . . . . . . . . . . .  1.636 

(shortened  fusehge), f t  . . . . . . . . . . . . . . . . .  1.302 

P 



I I A I 

Chord 
otation 

0 
* 057 
,006 
.14j 

570 
.855 

,205 

1.1hQ 
1.710 
2.201 
2.851 
3,421 
3.991 
11.. 561 
5 131 
5  -701 
6,272 
6.842 
7.412 
7.982 
9.122 

10.263 
11. ]lo3 

~~~~~ .. ~ 

upper 
ordinate 

0.0057 
,0608 - 0753 
.0981 
.I385 
,201 
,2119 
.285 
9 339 - 372 
395 

.I113 
,422 
.I125 
,421 
,408 
,387 
-358 

.281 

.322 

9 192 
,096 
.011 

Lower 
ordinate 

0 
.0384. 
.ob56 

,0618 
.074 
.086 
.098 
.I22 
,146 
.168 
I 183 
.196 
,201 
*m3 
.I98 
,186 
.16O 

m0539 

,148 
.127 
.005 
.04!2 
,011 

Leading-edge radius, 0,023 
"d = 0.0123 

Semi opan station 4.437 

Chord 
etation 

0 
.046 
.Of% 
.114 
,228 
,456 
.684 
.9E  

1.368 
1.8211 
2.280 
2.736 
3.192 
3.G43 

4.560 
4.104 

5 015 
5 - 471 
5 9 9%7 
6.383 
7  .e95 
8.207 
9 119 

.. 

Upper 
ordinute 

0.0046 
.0486 
,0602 
.078h 
,1108 
.llOO 
0 199 
.228 
.e71 
297 

.316 
330 
337 

.340 
336 

.3e6 

.e86 

.258 
,225 
.153 
0 077 
.oog 

,310 

Lower 
ordinate 

0 
.0307 
-0365 
.Ob31 
,0495 

.069 

.078 
,098 

0593 

.1.17 

.134 

.1h6 
156 

.161 

.162 
159 

.lh9 
135 

.118 

.I02 
068 

.034 . 009 

Leading-edge  radtuo, 0.018 
d = 0.0379 

Semispan station 13.054 

Chord 
otation 

0 
~ 

,0128 

so319 
.0192 

.0639 
,128 
.192 
255 

.383 

.511 

.639 
,766 
.094 

1.022 
1.149 
1.277 
1.405 
1.532 
1.660 
1.788 
2.043 
2.299 
2.554 

0.0013 
,0136 
.0169 
.0220 
.031.0 
,0460 
.056 
,064 
.076 
.a83 
,088 
.093 
,094 
a095 
.094 
.og1 
.087 
.080 
.072 
.063 
,043 
1 on 
.0025 

Lower 
ordinate 

0 
,0006 
,0102 
.0121 
,0138 
.0166 
.01g 
.022 
.0?7 
-033 
.038 
.0h1 
,044 
,045 
.046 
,044 
.0h2 
,038 
033 

a 088 
.019 
,010 
.0025 

Leading-edge radiue, 0.005 
d = 0.1114 

"d l a  the  vertical dLstance  between the leading-edge  point of n aection chord line and the root-rhord plane. 



Semimpan station 

0 

075 .086 
.a61 .057 

0.006 

,285 .138 
570 .go1 

.855 .249 
1.140 .285 
1.710 .339 
2.281 37p 

,143 .og8 

3.421 
.425 lb .  $1 
. J+13 

5.701 

7.982 
.350 6.842 
.408 

. 011 11.1103 
,096 10,263 
.192 9.122 
.281 

0 
.038 . Olrh 

,062 
.05h 

.074 

.086 . 090 

.122 

.146 
,183 
.201 
.198 
,168 
.127 
.085 
.042 
011 

0 
.072 - 079 
.131 
.2G2 
-525 
.788 

1.050 
1.575 
2.100 
3.150 
IC. 200 
5,250 
6.300 
7.350 
8. bo 
9.450 

10.500 

TABLE I11 .- ORDINATES OF MODIFIED WING 

balues are i n  lnchcd 

1.440 Semispan station 2.625 
-I- 

-.- 
Upper 

ordinate 

0.005 
.056 
,069 . 090 
,128 
.185 
,229 
.262 
.312 
.3b2 
.38o 
391 

.376 
329 

.259 
,176 
.088 
* 010 

Lower 
ordinate 

Leading-edge radius, 0.023 Leading-edge radiua, 0 . ~ 1  
*a = 0.0123 d 0.0224 

I I  

Chord 
station 

0 
.022 
,034 
.056 
.112 
.e25 - 338 
.450 
675 

9 900 
1.350 
1.800 
2.230 
2,700 
391% 
3.600 
4.050 
h. 500 

Upper I Lower 1 1  Chord I Upper ordinate ordinate station ordinate 

-0.093 
- ,063 

- .007 
.Ob1 
,076 
.lo1 
.I33 
.1k( 
,163 .la 
.161 
.I41 
.111 
.076 

- .054 - 038 

5 
.0045 

0.099 
.io6 
.io6 
.lo3 
.002 
,072 - 059 
.052 
.OW 
,058 
.072 
rn 079 
,078 
.065 
035 

3 
.0045 

0 
,013 
.019 
,032 
,0611 
.128 
,192 
.255 - 383 
.511 
,766 

1.022 
1.278 
1.532 
1.708 
2.043 ""_ 
2- 554 

-0 .b53 - -036 - .030 - .022 
- .004 

,023 . Oh3 
.057 
a075 
,083 
.092 
.OS? 
.091 
.a80 
.063 
.Oh3 

5 
.0025 

Lower 
ordinate 

0.056 
.060 
.oh 
.058 
.052 
.0b1 
033 
. O S  
.02a 
.033 
.0b1 . 0 115 . O M I  
.038 
.028 

5 
,0025 

Leading-edge radiua, 0.909 Leading-edge radiuo, 0.005 II d = 0.0896 d = 0.111h 
.. 

*d i e  the vertical distance between the leading-edge point o f  a eection chord line a d  the root-chord  plane. 

a b 
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- TABLE 1V.- SECTION ORDINplTES FOR HORIZONTAL AND VERTICAL TAILS 

Ealues  are ir? percent of t o t a l  chord l e n g t d  

Chord 

0 
50 
.75 
1.25 
2.50 
5.00 
7.50 
10.00 
15.00 
20.00 
25.00 
30.00 
40.00 
50 -00 
60.00 
70.00 
100.00 

Leadivg-edge r ad i i :  
Horizontal t a i l ,  root ,   in .  
Horizontal t a i l ,  t i p ,   i n .  

Symmetrical ordinete 

0 
.436 
.526 
675 
.876 
1.201 
1.456 
1.672 
2.014 
2.275 
2.472 
2.614 
2.748 
2.658 
2.308 
1.77h 
0 

. . . . . . I . . . . . . 0.011 . . . . . . . . . . . . . 0,002 
Vert ical  teil, root ,  io. . . . . . . . . . . . . . . 0.008 
Vert ical  tai l ,  t ip ,   in .  . . . . . . . . . . . . . . 0.002 



Ca 

31un 

!Y 

ogivt 

onf iguratlor 
wing r:cldence, 

"_ I' 
"_ . 

II 

I 

- 
Nncellr 
emlapen 

percent 
ochtion 

"- 
"- 
"- 
"- 
".. "- 
"- "- "- "- "- 
€0 

69 s 
"- 

T 
60 "- 

"_ 
"- "- 
60 "- 

"- "- "- 
-" 
"- 

- 

Hcmn%i ks 

Yaccl I e internal drag measuret 
k c e l l e  inkrnal drag mrarured 

: k k  of run 56 
facelle  internal drag mramurct 

a 4 
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2 
1 

3 
4 

6 
5 

7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 la  

runelap 
lengLb 

Xandnrd 

v 

TAARIR V. - TABIJMTION OF C l W F ~ ~ ! C I O W ~  FOR PI'EII TESTS - Concluded 

(b) M = 2.01 

iorizonta: 
ta i l  

positIan 

0 

V 
_I_ "- I 

T orr 

Iorizonta: 
t a i l  

lncldence, 
der 

i 
-3 -a "_ 
-3 
-0 
-13 
2 
7 

-3 

- 
erticnl 
ta l l  

0 

v 
"" I 

Off 

Corn-pod 

Off 
s 

I 
T Off 

1 Remarks 

bdel. jolntr not ialred 

bcelle Internal drag meamred 
:heck or run 6 
;ap between horizontal and 

;np betwern horizontal and 
vertical ta i l  P i  l l r d  

vertical ta l l  fllled 



Yuselege 
nose 
o hnpe 

Canopy 

u' 

19 
25 
26 
97 
28 
99 
30 
33. 
32 
33 
38 
43 - 

ard 

TABLE VI.- TABULATION OF CONE'IGUMT'CONS FOR YAW '1'STS 

Canopy 

V 

Original 

I 
1 
O f f  

Original 

1 
Off 

Original I 

Off 
OrlginE 

O f f  

O f f  "- 
Cone-pod 60 

Off 

I "- 
" - c 50 

Off --- 
On 0 
Off I-- I "- 

I "- 
-" "_ "- 
--- 

On 0 
Jr .L Buried 

"- 

c . 
- 
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a CL 

0.028 
-163 
.292 
-417 

.645 

.535 

.743 
-027 

cru 
0.101 
-062 
.021 

- .017 
- -050 -.on -.w7 
-102 

CL 

-0.058 
-.339 - .mb 
-218 
.C81 

- 472 
-348 

- -059 
-5Q2 

.502 

% 
0.025 

-055 
-035 
.w6 
-035 
-053 
-Curs 

"5 
. a 7  

-087 

0.036 
-069 
-034 
-049 
-0% 

.llo 
- 079 

-149 
-196 
-037 

0.030 
-061 

-029 
-040 

-052 
-035 

.on 
-110 
-151 
.198 
-029 

a 

-1.8 

2.6 
-4 

6-7 
4.6 

8.8 
10 -9 
-1.8 

0.005 
-0gg 
.a55 

"082 
"039 

"127 
- -165 
- -174 

- .174 
-005 

-4.1 
-8.4 
-6.3 
-1.9 

.2 
2.4 
4.5 

-4.1 
5.0 

5 -0 

-4.0 
-6.1 
-1.8 

2-5 
.4 

4.5 

8.8 
6 -7 

10.9 
-4.0 

-4.0 
"_ - 

-8-3 
-6.2 
-1.9 

-3 
2-5 
4.5 
6.6 

10 .g 
8.8 

-4.0 

-8.5 
-6.3 
-4.1 
-1.9 

2-5 
.3 

4.5 
6-7 

10 -9 
8.8 

4.5 
-3 - .8 

-2 -9 

-0.361 
- .231 
- .O% 
-05.4 
I182 - 318 . Ul 
-559 
-667 - 767 
.4kO 
-184 

- -015 
-117 

0.062 

-030 
.042 

-029 
-035 

-077 
- 053 

-109 
.150 

-076 
- 198 

-035 
-030 
-028 

0.164 
.x5 - 079 
.038 - .002 

- -047 
-.085 

- .142 
"117 

-.le 
-.084 
"a03 

-019 
-058 

-0.106 
- -248 
-034 
-167 

.lag 
-295 

-648 
- 538 

-748 - -107 

0.131 - 179 

-050 
-091 

-007 

"066 
"095 
"121 

- -032 

.132 

0.070 
-163 
-121 
-026 

- .015 

- "8 "060 

- - 131 
- -160 - -186 
-072 

56 -0 .om 
-.3Q 
- .228 
-062 

-324 
-191 

-448 
-566 

-776 
-675 

- .085 

-4.1 
-8.4 
-6.3 
-1.9 

2.4 
.2 

4.5 
5.6 

-3.0 
-4.1 

-0.061 - .3kl - -209 - 077 
-208 
-341 
-467 
-524 

- -069 -010 

0.025 

.036 
-026 
-034 
-052 
-078 

-025 
-094 

-025 

- 055 
0.013 

-103 
-061 - -027 - -066 

- -148 
- . i i o  

- .a08 
"166 

.013 

. 

57 -5 -9 
-3.9 
-1.9 

2.0 
0 

6.0 
4.0 

8.0 
10.0 
-5.9 

-0 .C%3 - .ob7 

- -017 "033 

- .oo2 
.On 

-042 
.027 

- -062 
-058 

-019 
-015 
-012 
-011 
-010 
-011 
.ol2 
.015 

-019 
.018 

0.019 
-016 
.013 
-012 . 011 
roll 
.ox? 
-013 
-016 
-019 

0.045 
-084 
-059 
-040 
-047 

. a 9  

.064 

. i23 

.164 
-213 
-044 - 

0.110 
.088 
.064 
-040 

"004 
-017 

-.@6 
-.048 
-.m . llo 
0.109 
.w 
-070 
-050 

.016 

.031 

"001 - -015 
-.M5 

-109 

0.032 
.Ob3 

-038 
-054 

.Ill 
-078 

- 150 - 198 
.031 

.031 

0.101 
-148 
-061 
-019 

- .026 - -066 
-.w 
-.lk3 
- .x25 

-060 

-4.0 

-1 -8 
-6.2 

-3 
2-5 
4.5 
6.7 

10 .g 
8.8 

-1.8 

-6.1 
-4.0 
-1.8 

.h 
2-5 

6.7 
4.5 

8.8 
10.9 
-4.0 

-0.093 
"239 

.I77 

.Ob3 

-436 
-311 

-662 
- 554 

-762 
.043 

-0.243 - -100 
.039 
-171 

-431 
- 307 

.550 - 657 
-7% -.ow 

-0.312 
"188 
-.04g 

-209 
-082 

- 332 .w :z 
.757 

'"050 

-0 -063 
- -048 - -036 
- -022 
"010 

-002 
-014 
-027 
-038 

- -062 

-0.122 
- .263 
-.397 

-035 - lsg 
-329 
.4Q 
.589 - 708 
-814 

- -115 

-5.9 
-3.9 
-1.9 

.1 
2.0 

6.0 
4.0 

8.0 
10.0 
-5 -9 

-4.1 
-8.4 
-6.2 
-1 .g 

2-5 
-3 

4.5 
6.7 

11.0 
8.8 

-4.1 

O.Ok7 
-035 
-034 
.040 - 057 
.081 
-113 
.153 
-200 
-035 

0.051 
-034 
.wk 

- 033 
.@5 

-051 - 075 

-148 
-109 

- 196 
.02k 

0.165 
-120 - 079 - 037 - .oc9 

- . O M  - -082 
- -109 
-.I27 

.=9 

0.021 
.002 

- .021 
"040 
"0% 
"080 
-.om - .11k - -12:. 
- -133 - -021 

" 

0 -085 
-1- 
-182 
.Ob 
"008 

- .088 
- .052 

- -140 
- .116 

- - 157 
.08k 

-8.5 
-6.3 
-4.1 
-1.9 

2.4 
-3 

4.5 
6.7 
8.8 

-4.1 
10 -9 
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" 
cm 

0. I20 

.027 
* 073 

- .052 - .02c 
-.I27 
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Figure 1. - System of 
values of forces, 

axeE and control-surface  deflections.  Positive 
moments,  and angles are indicated by arrows. 
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Figure 2.- Two-view drawing of the basic model. 
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(a)  wee-quarter view. 

Figure 3. -  Photographs of model. 
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(b) Side view. 

Figure 3. - Continued. 
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( c )  Bottom view. 

Figure 3. - Concluded. 



(a> With  wedge-pod nacelles; mounted for  yaw tes ts .  

Figure 4.- Model  mounted in  the Langley 11- by ~I - foo t  supersonic 
pres sure tunnel. 
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(b) With buried  nacelles; mounted for pitch tes ts .  

Figure 4. - Concluded. 
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v- NOTE: m p  OF FUSELAGE FORWARD 

OF X -  3.5 FORMED BY TWO 
" "- 28' FLAT SIDES. 

SECTION DD 

f 1. 50 L I 

(a) Canopy. 

Figure 5.- Details of fuselage nose shapes. 
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(b) Cusp. 
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(c) Blunt ogive. 
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(d)  Sharp ogive. 

Figure 5. - Concluded. 
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Figure 6.- Comparison of' the   o r ig ina l  and  modified wing sections  outboard 
of' t h e  80-percent-semispan  station. 
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Figure 7.- Details of buried nacelles. 
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(b) Wedge-pod nacelles. 

Figure 8. - Concluded. 
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(a) M = 1.41; low horizontal tai l .  

Figure 9.- Comparison of data  obtained from repeat run6 of basic model. 
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Figure 9 . -  Concluded. 
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Angle of attack, a, deg 

(a) M = 1.41. 

Figure 10.- Longitudinal  stabil i ty  characterist ics of various cornbina- 
t ions  of fuselege, wing, and t a i l .  
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Angle of attack, u, deg 

(b) M = 2.01. 

Figure 10. - Concluded. 
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Lift coef f Ic:ent, CL 

( E )  M = 1.41. 

Figure 11.- LongitudLnd stability  cherzcteristics of the  basic 
with various incidences of the low horizontal stabilizer. 
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Lift coefficient,  CL 

(b) M = 2.01. 

Figure 11.- Concluded. 
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Lift coefficient, Ct 

(a) M = 1.41. 

Figure 12.- Longitudind  sta’bility  charzcteristics of the  besic m o d e l  
with various inciZences of the  high horizontal stabi l izer .  
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(b) M = 2.01. 

Figdre 12. - Concluded. 
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(a) M = 1.41. 

Figure 13.- Longitudinal stability’characteristics of the basic model 
with various elevator  deflections on the high horizontal tail. 
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Figure 13. - Concluded. 
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Stabilizer and elevator incidence angles, it and Se, deg 

Figure 14.- Effectiveness of elevator and high and low stabilizer in 
changing t r i m  lift coefficient of the complete ~ o d e l .  
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Figure 15.- Lift-drag ratios of the basic model, trirmed and untrimed. 
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( a )  M = 1.41. 

Figure 16.- Effect of w i n g  incidence on the  longitudinal  stability  char- 
a c t e r i s t i c s  of the wiv& p l m  i'uselage end  basic model wit'n low hori- 
zo3tal t a i l .  
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(b) M = 2.01. 

Figure 16.- Concluded. 
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( E )  M = 1.111; low horizontal t a i l ,  it = -3'. 
"I. Plgure 17.- Conparison of the  longitudinal  stzbility  characteristics of 

two configurations with *he original  and  modified wings. 
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Figure 18.- Effect of  buried  nacelles on the longitudinal  stabil i ty  char- 
ac t e r i s t i c s  of the  basic model with and without the high  horizontal 
t a i l .  
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(b) M = 2.01. 

Figure 18. - Concluded. 
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(a) M = 1.41. 

Figure 19.- Effect of pod nacelles on the   longi tudina l   s tab i l i ty  charac- 
terist ics of the  basic model with and without the low  horizontal tail. 
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(b) M = 2.01. 

Figure 19. - Concluded. 



72 NACA RM ~ 5 2 ~ 1 7  

12 

Fi . w e  20.- Effect of wedge-pod  nacelles on t'ne longitudinal stability 
characteristics of -the basic node1 with the  original and modified 
wings. Nacelles located at the 60-percent-semispan  station.  Hori- 
zontal tail i n  the low positlon. M = 1.41. 
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Figure 21.- External drag increment due t o  the addition or the buried or 
pod nacelles  to the basic model. 
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Figwe  22.- Lift-drsg r a t i o s  of the untrimmed basic  model with and  with- 
out the  buried and pod nacelles. 
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Figure 23.- Effect of fuselage leEgth on the long i tud ine l  s tabi l i ty  cher- 
a c t e r i s t i c s  of the  fuselage p l u s  w i n g  and of the  basic model with low 
horizontal teil. M = 1.41. 
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(a )  M = 1.41; low horizontal tail; shortened  fuselage. 

Figure 24.- Effect of fuselage nose shape on the longitudinal stability 
character is t ics  of the  basic model. 
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(b) M = 2.01; high horizontal t a i l ;  original fuselage. 

Figure 24.- Concluded. 
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(a) M = 1.41. 

Figure 25.- Lateral stability  characteristics of various  combinations of 
fuselage,  wing, end tail. 
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Figure 25. - Concluded. 
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(a )  M = 1.41. 

Figure 26.- Lateral   stebil i ty  characterist ics of the  basic model with 
various  rudder  deflections. High horizontel   tai l .  
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(b) M = 2.01. 

Figure 26. - Concluded. 
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(a) M = 1.41. 

F i v e  27.- Effect of wing dihedral on lateral stability  characteristics 
of fuselage plus wing  and basic model with  high  horizontal tail. 



(b) M = 2.01. 

Figure 27. - Concluded. 
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(a) M = 1.41. 

Figure 28.- Effect of wing incidence on lateral  stability  characteristics 
of the fuselage plus w i n g .  
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(b) M = 2.01. 

Figure 28. - Concluded. 
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(a) M = 1.41. 

Figure 29.- Effect of birried and pod necelles on the   l a t e ra l   s t ab i l i t y  
character is t ics  of the basic model. 
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(b) M = 2.01. 

Figure 29. - Concluded. 
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.gure 30.- Effect of fuselage l ength  on lateral  stability  characteristics 
of fuselege plus w i r g  and basic model. with low horizontal tail. M = 1.41. 
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Figure 31.- Internal   drag  coeff ic ients  of individual ducts of the  pod 
and buried  nacelles.  



(a) M = 1.41. 

Figure 32.- Mass-flow coefficients of individual ducts of the pod and 
buried nacelles. 
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